Abstract] Cortico-cortical interactions play crucial roles in various brain functions. Here, we present a detailed surgical procedure for cortical voltage-sensitive dye (VSD) imaging that allows monitoring of spatiotemporal dynamics in cortical activity in living mice. Cortical neurons in the upper layers (layer 1-3) are stained with a VSD, and an image sensor with a fast sampling rate (500 Hz) detects fluorescent changes in corrective activity. The procedure includes fixing a mouse brain to a stereotaxic apparatus, craniotomy on a large cortical area, VSD staining, and wide-field imaging of cortical activity. The entire procedure can be completed in 5 h (from the administration of anesthesia to the start of cortical VSD imaging).
[Abstract] Cortico-cortical interactions play crucial roles in various brain functions. Here, we present a detailed surgical procedure for cortical voltage-sensitive dye (VSD) imaging that allows monitoring of spatiotemporal dynamics in cortical activity in living mice. Cortical neurons in the upper layers (layer 1-3) are stained with a VSD, and an image sensor with a fast sampling rate (500 Hz) detects fluorescent changes in corrective activity. The procedure includes fixing a mouse brain to a stereotaxic apparatus, craniotomy on a large cortical area, VSD staining, and wide-field imaging of cortical activity. The entire procedure can be completed in 5 h (from the administration of anesthesia to the start of cortical VSD imaging). 2. Cut the hair on the mouse's head with an electric clipper.
Materials and Reagents

Fine needle (Bonn Micro
3. Place the mouse onto a heating pad (37 °C), temporarily stabilize the head with ear bars of a head holder, and insert the nostril into a tube for anesthetizing ( Figure 2A ).
We did not use the nose clamp of the head holder.
4. Using scissors, remove the skin (about 1 cm in diameter) covering the skull of both hemispheres ( Figure 2B ).
Apply lidocaine solution to the wound.
Note: Do not apply lidocaine to the brain because it blocks the voltage-gated sodium channels and will suppress the VSD response.
6. Gently remove the periosteum with a surgical blade by scraping the skull ( Figure 2B ). This will help the glue adhere to the bone.
7. Glue a head-fixation plate onto the exposed skull with dental cement (Super-Bond C&B) ( Figure 2C ). Do not allow any gaps between the skull and cement to prevent solution leakage.
8. After drying out the dental cement (about 10 min), transfer the mouse to a plate holder, fix the head-fixation plate in the plate holder, and maintain body temperature at 37 °C http://www.bio-protocol.org/e1722 Vol 6, Iss 3, Feb 05, 2016 Copyright © 2016 The Authors; exclusive licensee Bio-protocol LLC. 4 with the heating pad ( Figure 2D ).
9. Make a chamber by heavily coating and piling up dental cement (UNIFAST II) as a bank (about 1 or 2 mm in height) around the head-fixation plate hole ( Figure 2E ). This chamber will be used for staining by filling the chamber with voltage-sensitive dye (VSD) solution (step D15). f. Gently wash the exposed cortex with the ringer's solution until the superficial cortical vessels become clearly visible ( Figure 3C ).
g. If the blood on the dura mater cannot be removed with the wash, gently dry the exposed dura with a lens blower and repeat steps B10f-g until clear ( Figure 3C ).
Note: This procedure is helpful for stopping the bleeding. 
Notes
To prevent phototoxicity of the dye to neurons, the intensity of the excitation light and exposure time should be minimized. We could obtain stable imaging for 2 h when we use 4 sec exposure time every 40 sec. Proper washing of the unbinding dye is helpful in improving the single-to-noise ratio. However, excessive washing decreases stable imaging time. 
